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DISPLAY DEVICES 

Inventor: Gady Golan 

FIELD OF THE INVENTION 

The present invention relates to display devices. More particularly it relates lo a low 
power consumption, timed controlled, llexiblc Light Emitting Diode (LED) display, for 
touch panel smart cards. 

BACKGROUND OF THE INVENTION 
Luminescent materials 

Flat and flexible light emission can be achieved in several ways. The first is by using 
luminescent materials (as done in our prior art). 

These are materials in which hole-electron generation, or excitation of deep impurity 
electrons from their normal low-energy level, to a higher and empty impurity level (with 
both in the forhidden gap), is followed by a return to equilibrium via photon emission in 
the visible spectral range. The exact wavelength, i.e. color, is a characteristic of the 
material or impurity. The original excitation can be caused by absorption of high-energy 
photons (phoioluminesccnce) or by bombardment with high-energy electrons (cathode- 
luminescence). Recombination and photon emission usually take place in several stages 
and these materials are called phosphors. ZnS is such a semiconductor, to which Cu, Ag f 
or Mn impurities are added to bring die emission into the visible spectrum with each 
giving different color, <. 

Light Emitting Diodes (LED) 

Light emitting diodes (or LEDs) utilize the recombination of die exoess carriers, injected 
in a forward biased diode, to obtain light emission for display purposes. In case of a direct 
band-gap semiconductors, like GaAs. both conduction electrons and holes have very low 
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momentum values. Direct radiative recombination is therefore very likely and it is such 
semiconductors that are used for light generation. In a forward biased GaAs diode the 
injected earners recombine relatively, hut the emission is in the near I.R. (NIR), about 
0.85 microns. The radiation intensity is proportional to the concentration of excess 
minority carriers and therefore to the forward current. GaAs LEDs can't be used for 
displays since the wavelength is beyond the visible range. But the compound 
semiconductor GaAsxPl-x (Gallium Arsenide Phosphide) has a band-gap which depends 
on x, foe Arsenic percentage. At x-0.44 the band-gap is still direct but the emitted light is 
red and visible. Parallel connection of many LEDs maybe used to display numbers and 
letters. A common way to display a whole number is by the seven-segment system with 
each .segment possibly composed of several LEDs arranged in a line. A digital control 
system is used to direct foe current lo the desired segment. The advantages of LEDs 
compared to other lamps are their high efficiency, long operating lifetimes, mechanical 
sturdiness, and ability to operate from low voltage supplies, compatible with transistor 

CMRllitB 



circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates a bar diagram of a typical embodiment of the flexible LED display 
device according to the present invention. 

Fig. 2 illustrates three optional arrangements of the LED display device 
according to the present invention , in smart cards. 

Fig- 3 illustrates a general definition of a Moneo smart card. 

Kg. 4 (a, b) illustrates an optionai positioning of foe Flexible LED display and 
foe operating buttons, according to the present invention, in smart cards. 
Fig- 5 illustrates an optional arrangement of a PCB design according to ISO 7816 
of a LED display device, according to the present invention, in smart cards. 
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Pig. 6 illustrates an optional arrangement of electrical diagram of five seven 
segments LED display digits, according to the present invention, in smart cards. 

Fig. 7 (a, b) illustrates an optional assembly arrangement or the five seven 
segments LED display digits, according to the present invention. 

Fig. 8 (a, b, c, d, e) illustrates an optional arrangement of five seven segments 
LED display digit readouts, according to the present invention, in smart cards. 



DETAILED DESCRIPTION OF THE INVENTION AND FIGURES 

In order to better understand the present invention, and appreciate its practical 
applications, the following Figures are provided and referenced hereafter. It should be 
noted that the Figures are given as examples only and in no way limit the scope of the 
invention as defined in the appending Claims. Like components are denoted by like 
reference numerals. 

It should be clear that the description of the embodiments and attached Figures set forth 
in this specification serves only for a better understanding of the invention, without 
limiting its scope as covered by the following Claims. 

It should also be clear that a person skilled in the art, after reading the present 
specification could make adjustments or amendments to the attached Figures and above 
described embodiments that would still be covered by the following Claims. 



Light Emitting Diode (LED) technology is known for more than 20 years and used in 
producing light emitting displays. As LED display is a bulk device, thick and rigid, it was 
never used as a readout display for smarteard applications. LED display needs a large 
space, whereas smartcards requirements are that smartcards be of relatively small height 
dimensions. Current smartcards consist only of passive built-in chips with flash memories 
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which need an external stationary energy source for the Read/Write process and for the 
status verification process. 

Flexible LED display is composed of thin semiconductor dot diodes in a seven segments 
structure. When subjected to direct current (DC) excitation starts and light is being 
emitted as a result The high efficiency attributed to LED, accounts for its relatively low 
heat dissipation. Therefore, LED light dots consume low electric power and do not heat 
up substantially. 

The known disadvantages of current known prior art smartcards are: 

1. Lack of a readout interface. 

2. Lack of a reliable, thin and flexible energy source (battery). 

3. Lack of real-time card-control during the Read/Write process (from die card's ^ide). 

4. Can be the subject of an unlawful and unauthorized use in case of Iheft. 

5. Can be used for one application ai most 

6. Cannot be programmed by the end-user. 

7. LCD readouts are known to be carcinogenic (made of organic Benzen Rings). 

US Patent 5,731,105 (Fleischer et al.)., incorporated herein by reference, discloses 
a non-liquid electrolyte containing battery power source which operates efficiently al 
room temperature. The battery includes (1) a non-liquid electrolyte in which protons arc 
mobile. (2) an anode active material based on an organic compound which is a source of 
protons during battery discharge, or an anode active material including a metal whose 
caton can assume at least two different non-zero oxidation numbers, and (3) a solid 
cathode including a compound which forms an electrochemical battery couple with the 
anode. Anode and Cathode active materials can be chosen so that the battery has the 
feature that the electrochemical reactions at the anode and cathode are at least partially 
reversible. It is suitable for electronic consumer products, biochemical applications, 
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electric vehicle applications, and the like. The battery can be fabricated in any desired 
shape or size without any speoial production precautions. An important feature of the 
battery is that no thermal activation is required' for its operation, therefore, the battery 
efficiently operates under ambient temperatures. 

US Patent 5,382,481 (Weischer ct a!.), incorporated herein by reference, discloses an all 
solid state battery power source which operates efficiently at room temperature. The 
battery includes (1) a solid state electrolyte in which protons are mobile, (2) an anode 
active material based on an organic compound which is a source of protons during battery 
discharge, or an anode active material including a metal whose caton can assure at least 
two different non-zero oxidation numbers and (3) a solid cathode including a compound 
which forms an electrochemical battery couple with the anode. Anode and cathode active 
materials can be chosen so that the battery has the feature that the electrochemical 
reactions at the anode and cathode arc at least partially reversible. It is suitable for 
electronic consumer products, biochemical applications, electric vehicle applications, and 
the like. The battery can be fabricated in any desired shape without any special production 
precautions. 

See also US patent: 5,512,391, US patent; 5,580,681, all to Fleischer et al., 
incorporated herein by reference. 

To die best knowledge of the inventor there are no Et readouts in smartcards, and there 
are no batteries in smartcards that are less than 0.5 mm thick, rechargeable, flexible and 
providing 1 OmA-h or similar power. 

In WO Pal. Application No. 9,631,730 (Huwitz) an illuminated protective 
encapsulation for the phosphor was disclosed. It comprised a protective shell with a 
power unit in it The F.T. lamp is secured to the shell and is operated by a power unit, 
providing intermittent illumination. 

In JP Pat. Application (assigned to Nippon Kasei KK) a road sign for pedestrians or 
vehicles was disclosed. A pair of ultrasonic sensors arc arranged on the pavement, and 
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send a signal to a control unit which controls the power feed to an clcctooluminescent 
(EL) element. A soJar battery serves as the power supply. 

US Fat. No. 5,359,341 (iiutchings) disclosed a power supply for sequentially energizing 
segments of an EL panel to produce animated displays. An electronically programmable 
EPROM programmed with a predetermined sequence foT an £L graphic display controls 
the sequence of powering (or not powering) of each segment of the EL display. 

It is the purpose or the present invention to provide an EL display device, with 
versatile uses, including constant, intermittent or sequential powering of the EL panel. 

The flexible LED display device of the present invention typically comprises 
alphaoumcrical, or seven segments, Led display plus a flexible non- 
rechargeable/rechargeable thin flat battery, for smartcard applications, and has the 
following characteristics: 

1- F«nw power consumption, 

2. Bright readout (typically of more than 4 Cd/cm 2 ) 

3. Easy to read under most types of conventional illuminations. 

4. Flexible as required in conventional smartcards standardization. 

5. Thin and flexible electronics circuitry (feasibly less than 0.5 mm in thickness). 

6. Thin (about 0.4 mm) rechargeable or non- rechargeable flexible battery of 10 mA-h, 

7. Panel typically consisting of 5 digits (0-9) and a fixed decimal point. 

8. Timing circuitry for energy saving, 

9. Low weight of the electrical components. 

10. Can be programmed by Ac end-user (credit card companies). 

11. Can become a multipurpose smart card following an appropriate encoding, done by 
the end user (credit card companies). 
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12. Can be password-protected. 

13. During the Read/Write process, electrical energy is drawn from the point of sale and 
not from the internal battery of the smart card. 

14. The Led display materials as well as the battery are made of "green rnaterials , \ They 
arc of no hazards to flic environment and they are not known as carcinogenic materials. 

The novel aspects of the said invention and its new features are as follows: 

1. Ultra thin LED dots (up to 200 microns) arranged in a seven segments configuration. 

The segment structure is achieved using a mask and a special epoxy resin for LED 



the card will be drawn from the terminal (5V). This energy is necessary for the clock and 
saving in the display controller. 

B. White normal operation - verification of currency status, energy will come from the 
internal battery (3 V). 

4. Low power consumption. 

Hie LED readout average consumption is less than 1.5 raA. This feature is achieved by 
the miniature LED dots instead of the conventional segments. 

5. Bright readout of more than 4 Cd/cm 2 . 

The high intensity readout is achieved by a dedicated epoxy resin for LED displays. 

6. Easy to read under most types of conventional illuminations. 



displays. 



2. Wire bonding of the small dots to a 1 50 microns thick PCB. (up to now it was possible 
to bond only 300 microns thick PCfts). 



3. Energy management. 
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Unlike LCD readouts, which need an external illumination (back light), the EL readout is 
an illumination source typically of ted light. 

7. Flexible as required in conventional smart card standardization. 

The LED readout of the device of the present invention can be bent and folded and still 
keep on working without degrading its performance. 

As the printed circuit board (PCB) is flexible as well as the readout (dot LEDs), they can 
be bent much more lhan the required standard. 

8. Thin and flexible electronic circuitry (less than 0.5 mm in thickness). 

Maximum thickness of the electrical components (already installed on the PCB in a 
special assembly process), is less than 0.5 mm. 

9- Thin (0.4 mm) and flexible battery of 25 mA-h (a 50 mA-h is optional). 

Incorporating patented battery (see US Patent 5,731, 105 t US Patent 5,382,481, US patent: 
5,512391, US patent: 5,580,681), or other batteries i.e. Varta or NTfC 

10. Two buttons key pad for alternating operation modes as an electronic purse, as a 
credit card and as a loyalty card. 

Since there are no current keypads on conventional smartcards, our invention is in the 
digitized panel of smartcards. 

1 1. Timing circuitry for energy saving. 

Readout time was taken between one to four seconds in order to save as much energy 
power as possible. A reading session will consist of: balance, five last transactions, all 
accompanied by dates. 

12. Low weight of the electrical components. 

The total weight of the electronic circuit is less than 10 grams. 

13. Programming by the cnd-uscr (smart card companies). 
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fcisUsid of the conventional magnetic bar, present in conventional bank cards, which can 
be duplicated and stolen, the smart card device of the present invention can be 
programmed for encoding and decoding purposes. 

H. The LED materials as well as the battery's materials, are made of "green materials". 
They arc of no hazards lo the environment and they are not known as carcinogenic 
materials. 

The LED display is equivalent to a semiconductor diode, with an epoxy resin on top. A 
typical LED structure consists of a dot LED matrix, assembled on a thin and flexible 
PCB. The dots are then masked and glued to achieve a segment structure. 
Light emitting diode utilizes the recombination of the excess carriers, injected in a 
forward biased diode, to obtain light emission for display purposes, hi case of a direct 
band-gap semiconductors, like CaAs, both conduction electrons and holes have very low 
momentum values. Direct radiative recombination is therefore very likely and it is such 
semiconductors that are used for light generation. In a forward biased CaAs diode the 
injected carriers recombine relatively, but the emission is in the near LR. (NIR), about 
0.85 microns. The radiation intensity is proportional to the concentration of excess 
minority carriers and therefore to the forward current GaAs LEDs can't be used for 
displays since the wavelength is beyond the visible range. But the compound 
semiconductor GaAsxPl-x (Gallium Arsenide Phosphide) has a band-gap which depends 
on x, the Arsenic percentage. At x-0.44 the band-gap is still direct but the emitted light is 
red and visible. 

Integration of EL readouts in smart card applications was never done before as no 
electrical energy source was thin enough to be incorporated in a thin plastic card. Other 
fectors impeding the integration of LED readouts in smart cards were: the necessity in 
high flexibility of the whole system (including the electronic circuitry), the necessity in no 
more than 0.5 mm thickness electronic circuitry and the necessity in low consumption 
electronics, in order to enable hundreds of operations before recharging the built-in 
battery. Above all these fectors, the materials comprising the EL readout and the sheet 
battery, should be made of "green" materials that are not hazardous to the environment. 
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The present invention introduces a flat and thin baiiery, as a source of energy, in 
connection with a smart card. This energy source of up to 50 mA-h is mechanically 
flexible, and of less than 0.5 mm thick. Using this special flat source of energy, a LED 
flat readout and its adjoining electronic circuitry were designed and fabricated. The total 
thickness of the electronic circuitry is less than 0.5 mm, it is mechanically flexible, and its 
power consumption is tuned to minimum in order to meet the thin battery requirements. 
Expansion of the electronic circuitry includes timing control for the active readout in 
order to save in electric power, and a key pad touch buttons for the smart card users. 

The flexible LED display device of the present invention comprises: 

• at least one of a number of LED seven segments of predetermined shape, size and 
color of emitted light; 

• a DC power supply (a flat and flexible battery); 

• a DC separator between the internal battery and the external one; 

• a power driver; 

• an oscillator; 

• a switching unit; and 

• a control unit 

wherein said oscillator controls the currency transactions of the entire system, wherein 
said DC separator separates between internal and external voltage, to activate said LED 
seven segments through said switching unit which is provided with On and Off 
controllable conditions for powering or not powering the LED segments, wherein said 
control unit controls the system and output, and wherein said control unit controls the 
system to provide predetermined sequence of powering of said LED seven segments thus 
producing alternating lighting or animated effects in said flexible LED seven segments. 

The flexible LED display device of the present invention is hereafter explained with 
reference to the attached Figures. 

Fig. 1 illustrates a bar diagram of a typical embodiment of the flexible LED display 
device according to the present invention. Fig. 2 illustrates three optional 
anrangements of the LED display device according to the present invention, in smart 
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cards. Kg. 3' illustrates a general definition of a Moneo smart card Fig. 4 ( a , b) 
illustrates an optional positioning of the Flexible LED display and the operating buttons, 
according to file present invention, in smart cards. Fig. 5 illustrates an optional 
arrangement of a PCB design according to ISO 7816 of a LED display device, according 
to Hie present invention, in smart cards. It is a 125 microns PCB, temporary glued to 300 
microns PR-4 substrate. This extra layer is removed later on. Pig. 6 illustrates an optional 
arrangement of electrical diagram of five seven segments LED display digits, according to 
the present invention, in smart cards. Fig. 7 (a, b) illustrates an optional assembly 
arrangement of die five seven segments LED display digits, accoiding to the present 
invention. Fig. 8 (a, b, c, d, e) illustrates an optional arrangement of five seven segments 
LED display digit readouts, according to the present invention, in smart cards. 

The DC power supply for the smart card display is preferably a flat battery, or a pile of 
flat batteries, of small thickness, for easy handling, such as the battery disclosed in US 
Patent 5,731,105 or in US 5, 382,481. However, a solar cell battery or even the mam 
electric supply can suit The electrical circuit in Fig. 6 consists of a central Atrael tiny 
microcontroller, three operating switches, stabilizing tank capacitors, protecting diodes 
Dl and D2 and a resistor array for current limiting of the LED display. 

Optionally, the internal multiplexer at the Atmel micro-controller can be replaced with 
another controlling hardware or even a computer program controlled control unit. The 
control unit can send a constant On command, a periodical On/Off signal (blinking) or it 
can send sequential signals in a predetermined order to provide animated effects. The 
computer program can be designed to allow end-user programming of ate desired 
sequence of powering commands for each segment in the LED display. 
The flexible LED display device of the present invention can be used for commercial 
credit cards, personal data cards, field kits, electronic purse, receiver cards, loyalty cards 
and for advertisement applications. 
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LED DISPLAY STRUCTURE 

1 . LEDs size - 0.24 X 0.24 mm. 

2. Metalization of LEDS - AIGaAs/GaAs. 

3. LEDs' Assembly method - Wire Bonding. 

4. Bonding materia! - Silver Epoxy. 

5. Wire Bonding - Aluminum Wire. 

6. PCB finish -FR 4. 

The advantages of the flexible LED device of the present invention, as a display means 
for smart cards, over the conventional smart cards are as follows: 

1. Conventional smart cards do not have, in general, an energy source due to the 
following problems: 

This battery should be thinner than 1 mm, it should be flexible enough to meet the 
required standards, it should be a heavy duty battery, of at least 5 mA-h, 

The present invention employs such battery: Thinner than 0,5 mm, flexible, non-re- 
chargeable, and heavy duty. 

2. Power consumption of conventional LED readout is high if not designed properly. 

The present display consists of an advanced design of miniature dot LEDs in a seven 
segments structure mask coated with a special resin for a LED display. Thus, a bright 
readout of more than 4 Cd/cm 2 is achieved. 

3. Easy to read under most types of conventional illuminations. 
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As Uquid Crystal Displays (LCD) can not be read in darkness, LED readout can be read 
either with or without external illumination. 

4. Flexible as required in conventional smurl cards standardization. 

As I -CD displays can not be bent, whereas LED readout is easy to braid. 

5. Thin and flexible electronics circuitry (less than 0,5 mm in thickness). 
This is achieved by employing a thin PCS (100 microns thick). 

6. Thin (0.4 mm) flexible battery of at least 25 mA-h. 

7. Two dome-buttons for mode selection: Electronic purse, Credit card and a loyalty card. 
The smart card can be encode or decode with the required information. 

8. Timing circuitry for energy saving. 

An auto-stop circuitry ends the readout operation after a given period of seconds (can be 
programmed). 

9. Low weight of the electrical components. 
Advantageous on the heavy cards. 

1 0. Can be programmed by the end-user in real-time. 
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Unlike the conventional cards that can not be programmed either due to lack of means 
due to lack of a readout. 



11. Can become a multipurpose smart card following an appropriate encoding, done 
by the end user. 

Using the touch-panel each smart card can be varied to any other required credit card. 

12. The LED materials as well as the battery arc made of H green materials". They are of 
no hazards to Ihe enviroiunem and they are not known as carcinogenic materials. 

Unlike the LCD thai consists of carcinogenic materials (Benzen rings), the LED is safe to 
its user and its environment 

II should be clear that the above description of the embodiments of the present invention 
and the Figures disclosed are given for illustrative purposes only and in no way limit the 
scope of Uic invention as defined in the appending Claims. 

It should also be clear that a person skilled in the art, after reading the present 
specification could make adjustments or amendments to the attached Figures and above 
described embodiments that would still be covered by the following Claims. 
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CLAIMS 



1 . A flexible dot LED display device comprising: 

• at least one of a number of LED seven segments of predetermined shape, size and 
color of emitted light; 

• a DC power supply; 

• a DC tank stabilizer; 

• a driver, 

• a clock oscillator; 

• a switching unit; and 

• a control unit 

• a wire bonding attachment to a 1 25 microns thick PCB 

wherein said oscillator generates a periodical wave which is used for communicating with 
the smart chip for read/write purposes. 

2. The LEO display device according to Claim 1, wherein said power supply 
comprises a thin flat battery. 

3. The LED display device according to Claim I, wherein said power supply comprises 
a battery providing up to at least 25 mA-h, 

4. The LED display device according to Claim 3 % wherein said battery is not more than 
0.5 mm in thickness. 

5. The LED display device according to Claim 1, wherein said power supply comprises a 
solar cell battery. 

6. The LED display device according to Claim 1, wherein said power supply is the main 
electric supply. 

7. The electroluminescent display device according to Claim 1, wherein sauj power 
supply comprises a plurality of batteries. 

8. The electroluminescent display device according to Claim 1, wherein said control unit 
includes a multiplexer which controls the switches of each of the LED seven-segments 
separately in a predetermined sequence. 
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9. The dectroluminesccnt display device according to Claim 1, wherein said control unit 
comprises a computer program controlled control unit. 

10. The electroluminescent display device according to Claim 11, wherein said computer 
program is designed to allow end-user programming of the desired sequence of powering 
of each segment on the LED display. 

11. The LED display device according to Claim 1. wherein said dot LED display are 
attached on a surface using the wire bonding technique. 

12. The electroluminescent display device according to Claim 10, wherein a network of 
electrical connections to the LED seven segments is provided. 

13. The LED display device according to Claim 10, wherein the miniature LEDs 
segmentation is reduced to very small pixels. 

14. The LED display device according to Claim 10, wherein the miniature LEDs 
segmentation is reduced to very small pixels. 

15. The LED display device according to Claim 10, wherein the electrical energy 
management is divided: electric DC energy i s consumed from the terminal during 
transaction, whereas electrical energy is consumed from the internal battery of the smart 
card during display. 

16. A LED display device according to Claim 1, wherein it is used for an informing sign. 

17. An electroluminescent display device accoiding to Claim 1, wherain it is used for 
commercial advertising. 

18. A LED display device accoiding to Claim 1, wherein is used for ahusiness sign. 

19. A LED display device substantially as described in the above specification, attached 
Figures and appending Claims. 
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